
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



PERSONAL EQUATION. 



EDMUND C. SANFORD, PH. D. 



III. 

The Nature and Cause op Personal Equation. 

In the preceding section of this study, a number of 
conditions were set forth that may cause the personal 
equation to vary. In this I propose to exclude all 
such, and to consider the personal equation in itself 
under the simplest conditions. It is evident at once 
that even so, there will be room for classification. The 
personal equation differs in the two methods of obser- 
vation, chronographic and eye and ear, and in the 
individual applications of each. I shall begin with the 
chronographic, because from a psychological stand- 
point it is the simplest ; and with the observation of a 
sudden phenomenon, the precise instant of which 
cannot be foreknown ; for example, the emergence of 
a star from the dark edge of the moon, or a heliotrope 
signal. 

Identically the same thing has been studied by the 
physiological psychologists under the name of " reac- 
tion-times without signal." 1 A stimulus is received 
by the sense organ (here the retina) ; the impulse is 
conducted to the brain ; brain changes result, accom- 

1 Wundt : Physiologische Psychologie, 3te Aufl., II, 287. It is cus- 
tomary in most reaction-time experiments to give warning of the 
approach of the stimulus to be observed, at a short but variable time 
before its occurrence. 
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panied on the psychic side by perception, apperception 
and volition ; x a motor impulse starts out along the 
nerves of the arm ; the muscular motion of tapping 
the key is executed ; and the reaction is complete. 
The whole requires over a quarter of a second. 3 The 
portion to be credited to each stage is still extremely 
uncertain, but the sense organ and the muscles have 
short latent periods, the nervous conduction takes 
time, and the brain changes are very likely slowest of 
all. The absolute personal equations for this kind of 
observing should be 0.30s or over; and, since no one 
can observe the event before it happens, the relative 
should be reduced to a few hundredths of a second. 

When the instant of the phenomenon can be foreseen 
with some exactness, as in transit observations, the 
process is a little different. The two ways of applying 
the method (waiting for the bisection, or anticipating 
it) must further be distinguished. The first corres- 
ponds closely to the "reaction-times with signal" of 
the psychologists, the steady approach to the wire 
giving most exact warning of the time to record. 
Reaction-times with a signal, as shown by the little 
table below, are shorter than those without— in gen- 

1 Perception, apperception and volition mean here respectively, 
the first consciousness that a sensation is reaching the sensorium, 
the clear consciousness of the sensation, and the determination to 
react to it. For a practiced observer reacting to a stimulus of mod- 
erate intensity, the last two stages are more or less overlapped. 

2 Wundt gives values for reaction to the sound of a falling ball, 
with and without signal, as follows : 

Fall of 5 cm. Fall of 25 cm. 

Without signal, (X266 0.253 

With signal, 0.175 0.076 

The reaction-time for light is in general greater than that for sound. 
The experiments of Eenz ( Astr. Nachrichten, CXIX, 1888, 145) give 
values for the disappearance and reappearance of an artificial star 
varying from 0.40 to 0.60 s as the star declines in brightness. 
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eral, because the signal gives a chance for focusing 
the attention, tensing up the muscles, etc., and in 
particular because, when the stimulus is not too faint, 
it favors the use of the "motor form of reaction." 1 

In this form the attention is turned not to the 
stimulus, but with extreme concentration to the exe- 
cution of the reaction ; and there is a corresponding 
tension in the reacting member. The times with this 
form are about 0.1 s shorter than when the attention 
is concentrated on the stimulus, even when that is pre- 
ceded by a signal, that is, for light, from 0.15 to 0.19 s. 
Wundt considers that when fully established, reaction 
after this form is probably an acquired brain reflex. 
The sensation on its entrance into the general field of 
consciousness at once releases the motor impulse with- 
out the mediation of the will, and the apperception of 
it takes place while the response to it is in execution. 
The extra-cerebral stages are as before, and may be 
assumed to be the same in time, except for the addi- 
tional muscle tension. I am not able to say how 
frequent this form of reaction is among astronomers, 
but it is largely a matter of practice and may be 
frequent among them. 

The observers that anticipate introduce still another 
element. Instead of reacting to an independent sen- 
sory stimulus, they react to a stimulus as affected by 
judgment — that is to say, they tap the key when they 
see the star in such a position that they judge from 
its rate and distance that it will be bisected when the 
key is tapped. The judgment is of course only semi- 
conscious, if conscious at all, but nevertheless main- 
tains its character. The effect of this way of using 
the chronographic method in varying conditions has 

1 Wundt, op. cit. II, 265-267. 
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already been shown. It certainly adds a rather com- 
plex psychological process to those before mentioned, 
though not one that need make any great difference in 
accuracy while conditions remain the same. 

It is hardly necessary to point out that in all these 
cases the direct cause of the personal equation is the 
physiological inertia of the observer. To this the 
anticipators add a mental factor that compensates 
partially or wholly, or over-compensates, the physio- 
logical delay. Astronomers can therefore hardly hope 
to free their chronographic observations absolutely 
from the variations of personal equation. The nearest 
approach is probably to be found in the use of suitable 
artificial transits at the time and under the circum- 
stances of the observations to be corrected. 

The Eye and Eae Method. 

In this method the processes are more complicated 
than in the last. Instead of executing a definite and 
predetermined motion in response to a definite sensa- 
tion, the observer has here to fix disparate sensations 
with reference to one another — a much more difficult 
thing to do and one more open to illusion. The greater 
difficulty is witnessed by the larger probable errors 
and personal differences that attend this method. 1 

Let me first take up as before the observation of 
instantaneous phenomena. It is more than likely that 
in this method, as in the other, foreknowledge of the 
time at which the phenomenon is to appear, affects 
the observing of it ; but such figures as I have found 
are insufficient to establish such a difference, and I 
must therefore speak of both cases together. 

1 American Journal op Psychology, II, 20-21 and 272. 
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The absolute error in observations of this kind has 
been measured by Renz with artificial stars. 1 In the 
preliminary report published the average values are 
irregular and for the most part do not exceed a few 
hundredths of a second. Whether this same result 
would be found with longer series and on other indi- 
viduals remains to be seen. Determinations of relative 
personal difference in observing a sudden sound were 
made by Encke. 2 The mean result of two series was 
as follows : 

E — B = + 0.261 
E — F = + 0.031 
E — Q= + 0.083 

The observer B, before knowing the result of the 
observations, remarked that he felt he had observed 
much too soon. The mean of two series taken later 
showed him in the right : 

E — B = + 0.026 
E — F = + 0.032 

Later still, observers B and Q found as the mean of 
three series of comparisons : 

Q — B = + 0.130 

The mechanism of the observation is easy to under- 
stand. The observer receives and counts the regular 
series of auditory sensations, and into this at some 
point is shot a sensation of sight. 8 The auditory sen- 
sations are practically instantaneous, that of sight 
leaves an after-image. The senses operate quite as 

■ l Astr. Nachrichlen, CXIX, 1888, 145. 

2 Abhandlungen der Berliner Akademie, 1858. 

3 It makes no great difference -whether the observer attends at the 
instant of observation to a subjective clock-beat, as Wolf thinks, 
nor whether he counts mentally ; that there should be subjective 
hearing and subjective counting is sufficient. 
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usual, and we must look elsewhere for the largest part 
of the error. One can follow the rhythm of the seconds 
with very great accuracy ; it is the entrance of the 
new stimulus, and, as I hope will appear before the 
end of the paper, the disturbance of attention thus 
produced that are really to blame. 

The sight stimulus may fall either very near one of 
the auditory series or in the midst between two, and 
there is room for some difference in the result accord- 
ing to which happens : if the first, the persistence of 
the sensations is involved ; if the second, the estimate 
of time. On the first, some light is thrown by experi- 
ments of Exner, the Vienna physiologist. 1 

Exner's problem was : How far apart in time must 
two stimuli be in order to be perceived as successive ? 
The first part of his study deals with stimuli to the 
same sense ; for sight he used electric sparks or little 
illuminated holes seen one after another through a slit 
in a revolving disk ; and for hearing, the clicks of a 
lead slip held against a toothed wheel. The next — and 
these experiments are most like the observations in 
question — refers to stimuli to different senses. His 
apparatus furnished a bell stroke and an electric 
spark, or a shock and a spark, of which the order and 
separation in time could be varied by an assistant. 
The observer was required to say whether the sensa- 
tions were simultaneous, and if not, which came first. 
The couple were apparently repeated a number of 
times in the same order before a judgment was made. 
There are not many experiments reported, and the 
results are not easy to gather in statistical shape, but 
they show that " if a sense impression acts simulta- 
neously on both eye and ear, the sensation of hearing 



1 Pfluger's Archiv, Bd. XI, pp. 422-428. 
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will be perceived earlier than the sensation of sight," 
and they further give the basis for the second part of 
the table of approximate times (Exner himself as 
observer), with which he concludes that section of his 
article. I extract from his table those values that are 
of interest in this connection ; the double stimuli are 
supposed to occur in the order given. 

s. 

Two noises 0.002 

Spark images at the center of the retina 0.044 

Bright disks " " " " 0.045 

Noises at the two ears 0.064 

Hearing — sight 0.06 

Sight — hearing 0.16 

Touch— sight 0.053 

Sight— touch 0.071 

In this table it is to be noticed that the time is 
lengthened when the stimuli reach different senses (or 
even different sense organs, in the case of the ears); 
and further, that the times are longer when sight 
leads, because of the longer after-sensation in that 
sense, and longest of all when sight leads and hear- 
ing follows. 1 The hypothesis that the difference depends 
largely on the adjustment of attention is supported 
by Exner's subjective observations. He thus describes 
the subjective side of the double stimuli experiments : 

" A second way of adjusting consists in the follow- 
ing : We adjust for a definite one of the two stimuli, 
e. g. for a bell stroke in connection with the state of 
the sensorium at the instant of this bell stroke. 2 Then 



1 In experiments with hearing and touch, the perception of succes- 
sion was much more exact, but the amount of separation necessary 
did not appear. 

5 In speaking of the first way of adjusting he had said : " We 
adjust the attention for the first sense stimulus that is to strike us, 
without knowing which it is, of course. Not for this alone, however, 
but for the state of the sensorium — I cannot express myself differ- 
ently — at the instant of the first sense stimulus." 
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the other stimulus, e. g. the electric spark, comes into 
relation with the first either as preceding or following. 
One circumstance is here highly disturbing. The im- 
pression that is not adjusted for is much weaker in 
the memory-image than the one adjusted for; it is 
somewhat indistinct, poorly fixed as to time. There 
is, therefore, great uncertainty in this method. Usually 
the inclination is to take the subjectively stronger 
stimulus, the one adjusted for, for the first, just as 
the inclination is to take a considerably stronger 
objective stimulus for the first. Still the whole cir- 
cumstance can also be reversed ; it was in the experi- 
ments between touch and sight. There it often seemed 
to me as if the impression not fixed had already taken 
place at the time of the fixed ; the phenomenon can 
suddenly change over again into the usual form. A 
similar phenomenon has been described by Wundt. 1 
He states that between sight and hearing he can 
voluntarily perceive one or the other stimulus earlier 
according as he turns his attention to them. I have 
never succeeded with this combination, and the phy- 
siological delay of the sight impression comes into 
consideration, which Wundt had not yet recognized." 2 

' Vorlesungen fiber Menschen- und Thierseele, Leipzig, 1863, 1, 39. 

2 In the last edition of his Physiohgische Psyehologie, Wundt makes 
a similar statement. In speaking of the effect on the simple reaction- 
time of introducing a stimulus to another sense at almost the same 
instant as that to be reacted to, he says (II, 294): "Provisionally it 
may be remarked that the succession of our sense perceptions does 
not necessarily agree in order with the succession of sense stimuli, 
but that an actually later impression can readily be anticipated. 
Introspection leaves no doubt as to the origin of these illusions ; 
they rest on the varying tension of attention. As soon as the tension 
for the chief sensation has risen to a certain point, it can bring 
that sensation, even when it actually follows somewhat later than 
the accompanying stimulus, in spite of that, into the focus of con- 
sciousness at the same time or' earlier. The greater the attention 
the more marked will be the difference in time that can be overcome 
by it." See also II, 339. 
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It is evident, of course, that so long as a subject 
adjusted indifferently now for one sensation and now 
for the other, his observations would show accidental 
errors only; but if for any reason he habitually 
attended to one or the other, a constant error might 
enter and he would show a personal equation. 

It may be mentioned in this connection that Encke 
found a small personal difference in observing the 
coincidences of the beats of two clocks running at 
slightly different rates, 1 and Littrow reports experi- 
ments of Weiss's to similar effect. 2 

All this, however, applies only when the phenom- 
enon to be observed falls near one of the second beats. 
"When it falls in the middle of the second, another 
service is required of the mind, one that probably 
introduces another error, namely, the estimation of the 
fractional parts of the second. Unfortunately there 
are no experimental determinations, so far as I am 
aware, of this factor. The time-sense has been studied 
somewhat, but with a different end in view. It may 
be conjectured that here also attention plays an 
important role. The grounds of this conjecture and 
of what has already been said about the function of 
attention will be somewhat strengthened by what is to 
be said in the next section, though the reference is not 
direct enough to justify repetition. 

Transit Observations by the Eye and Ear Method. 

Much more important, from an astronomical point 
of view, than the last, is the application of the eye and 
ear method to the observation of transits. The opera- 

■Abhandlungen der Berliner Akademie, 1858. 
tAstr. NaehrichUn, LXVIII, 1867, 369. 
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tions are here very different from those just consid- 
ered, and more uniform in results, though still attended 
by considerable personal differences. The effort is to 
fix two points in the continuous line of motion of the 
star, one after and one before the crossing of the wire, 
which shall correspond with successive beats of the 
clock, to estimate the position of the wire between the 
two in tenths of the whole space, and thus finally to 
arrive at the time of the crossing in tenths of a second. 
The stage at which the important personal differences 
seem to enter is the connecting of the clock-beat with 
the position of the star. 

The first and chief theory put forward in explanation 
of these is that of Bessel, given in his original study. 1 
He says : 

" These different experiments show that no observer, 
even if he believes he follows Bradley's method of 
observation in all strictness, can be sure to tell the 
absolute instant of time correctly. If it is assumed 
that impressions on the eye and the ear cannot be 
compared with each other in an instant, and that two 
observers use different times for the carrying over of 
the one impression upon the other, a difference orig- 
inates — yet a greater, indeed, if one goes over from 
seeing to hearing, the other from hearing to seeing. 
That different kinds of observation should be able to 
alter this difference need not seem strange, if one 
assumes as probable that an impression on one of two 
senses alone will be perceived either quite or nearly in 
the same instant that it happens, and that only the 
entrance of a second impression produces a disturb- 

1 Konigsberg Observations, Abth. VIII, 1822, iii ; also his Abhand- 
lungen, Bd. Ill, p. 303. 



PEBSONAL EQUATION. 413 

ance which varies according to the differing nature of 
the latter. It is probable that Maskelyne would have 
agreed more nearly with me than with Struve, Wal- 
beck or Argelander, since in the opposite case a dif- 
ference of about two seconds would have occurred 
between Kinnebrook and me, which is surely too great 
to be considered possible. Maskelyne and I therefore 
probably follow the custom of going over from hearing 
the second-beat to seeing, while the astronomers ob- 
serving later appear to have accepted the contrary." 1 
Bessel's theory was suggested no doubt by his own 
mental processes in observing, and probably has com- 
mended itself to astronomers for similar reasons. 
Hartmann noticed something of the kind in his experi- 
ments, 2 and C. Wolf likewise, at least in his earlier 
ones, though he had never perceived it in actual obser- 
vations. " I have been able to establish the existence 
of this dead time very easily," he says ; " I listened to 

1 Faye illustrates the same theory as follows (Comptes rendus, LIX 
(1864)475): "Imagine a moment," says he, "that the mind is an 
eye placed inside the brain, an eye attentive to the modifications 
that each sensation determines in the nervous tracts, that end there. 
If sensations of the same nature are produced at the same point, 
this inner eye will easily judge whether they are successive or simul- 
taneous ; but if they arise from different senses whose nerves end in 
different regions of the brain, the inner eye will have to move in 
order to pass from one region to another, and the time thus em- 
ployed will not be perceived ; sensations separated by a very real 
interval will be noted falsely as simultaneous. The time lost, the 
time thus employed in going from one sensation to the other, can 
amount to more than a second. It will vary from one individual to 
another according to the rapidity with which his inner eye is moved 
to contemplate successively the keys of that prodigiously complex 
keyboard that we call the brain. 

" I do not need to say that I attach no reality to this comparison ; 
our mind is not an inner eye. Nevertheless, the necessity of com- 
paring two sensations of different origin condemns the mind to a 
peculiar labor, since it uses a time so considerable to establish a 
communication between different nervous tracts. This task is also 
very fatiguing, while the comparison of sensations of the same origin 
is not so, or is a good deal less so." 

1 Amek. Jour. Psychology, II, 29. 
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the second, and when the sound had been perceived I 
brought my attention to the position occupied by the 
star." 

Of similar import is a series of experiments by 
Wundt, 1 in which the observer tried to fix the posi- 
tion of a pointer (sweeping over a divided arc) which 
corresponded to the production of a sound or other 
stimulus. This is hard to do, and it is necessary to 
allow the sound to come a number of times in succes- 
sion before any confident judgment can be made, and 
even of the results so obtained a very large number 
are necessary to average out accidental variations. 
It is easy, for example, to unite the sound with a pre- 
determined position of the pointer, if not too far from 
the true one ; and if all the scale is covered except the 
single division, the error may amount to a quarter 
second. 

At moderate velocities the sound is regularly asso- 
ciated with too early a position. As the rate of both 
pointer and recurring sounds is increased, the error 
lessens and becomes zero — for Wundt himself, when 
the divisions of the scale are passed over in about ^ 
second each and the sounds are a second apart. If 
the rate is still further increased the error changes 
sign, that is, the sound is connected with a position 
later than the true one. This, however, cannot go far, 
because the divisions are soon swept over too rapidly 
to be distinctly seen. 2 

The error changes in the same way also when, 
instead of a single sound, a sound and an electric 

1 Physiologische Psychologie, II, 334 ff. 

2 Relative personal equations would appear whenever individuals 
differed in the results obtained in these experiments. One of 
"Wundt's subjects in experiments of this kind always fixed a position 
of the pointer before the real one. 
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shock, or a sound and another sound of a different 
kind, are produced together. The two are perceived as 
simultaneous, but both are associated with a position 
of the pointer less behind its true position. A third 
sensation added changes the sign of the error, and a 
fourth carries it still further in the same direction. 
The little table below gives the amount of the error 
(the average at three rates) for four additions ; those 
marked minus are too early, those plus are too late : 

First added stimulus —0.0670 

Second " " —0.0113 

Third " " ...... +0.0296 

Fourth" " +0.0399 

I pass by developments of these experiments, not 
immediately concerned with the point in question, to 
notice Wundt's interpretation of his results. It is 
something as follows. The division of the scale with 
which the sound shall be connected depends within 
certain limits on the adjustment of attention alone, 1 
and this is in turn influenced by the rate at which the 
sounds succeed one another and the pointer moves 
over the scale. "When the rate is such that attention 
is just at its maximum when the sound is each time 
produced, there is no error; the sound is associated 
with the true position of the pointer. When the rate 
is slower the adjustment takes place too soon and the 
sound is associated with a position earlier than the 
true one. When the rate is faster the adjustment is 
too late and the position later than the true one. The 
speed at which the pointer moves also influences the 
rate of adjustment ; as the pointer moves fast or slow 

'The attention may be thought of as rising rhythmically again 
and again like a wave, the time at which it reaches its maximum 
fixing the time at which the sensation to which it is directed will be 
perceived. 
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the adjustment is made rapidly or slowly. When 
other stimuli are sent in at the same time as the sound, 
the adjustment becomes more difficult and the time 
required for it longer; hence the tendency of the 
first error to grow less and finally to change sign. 
Wundt's " adjustment of attention " is only the psy- 
chological explanation of Bessel's indefinite " carrying 
over of one sensation upon another." Both are agreed 
in putting the cause of personal equation in the diffi- 
culty the mind finds in uniting disparate sensations. 
C. "Wolfe, 1 however, believes that, when such errors as 
these have been removed by training, there still 
remains an error due to purely physiological causes. 
To the examination of this theory and the experiments 
upon which it rests I turn next. 

Wolf clears the ground for the discussion by collect- 
ing a large number of personal differences and show- 
ing that those larger than 0.3 s are rare. At the 
beginning of his experiments his own absolute per- 
sonal equation was of that amount, but as they con- 
tinued it fell rapidly to 0.11 s, and there remained 
fairly constant as if it had reached a physiological 
limit. In the instant of observation an observer does 
not hear the actual clock-beats, but follows an inner 
series ; he may even go on to complete an observation 
when the real beats have ceased, without knowing the 
difference. If this is so, what becomes of the super- 
position of dissimilar sensations? And again, the 
seconds need not be taken by ear, but by touch or 
even by sight, and yet the personal equation remains 
practically the same. 

These last are interesting observations, but it must 

1 Annales de Pobservatoire de Paris ; Memoires, VIII, 185 ff. 
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be perfectly clear that they have no force against 
Bessel. The illusion of a clock-beat is of its very 
nature the same to the mind as a real one. "When the 
second is taken by touch there is a dissimilar sensa- 
tion to "be united with that of sight as much as when 
the second is heard, and even where it is taken by 
sight there are two things to be attended to, the time 
and the position of the star, to say nothing of the in- 
cipient muscular discharges that probably accompany 
even subjective counting. 

Wolf's theory, however, does not fall with these 
general arguments ; its corner-stone is the following 
set of experiments. Making use again of his artificial 
transits, he had, instead of the single little illuminated 
hole that gave him his star before, three little holes 
close together in the same vertical line. The upper 
and lower were illuminated at intervals by induction 
sparks, the middle one constantly. As long as the 
plate containing the holes was still, all three seemed, 
as they really were, in the same vertical line. When 
the plate was in motion, the constantly illuminated 
star seemed in advance of the sparks whichever the 
direction of motion, and further in advance as the 
rate was more rapid. If the sparks flashed irregu- 
larly the star was clear cut ; if they flashed regularly, 
say every second, so that they might be anticipated, 
the star, though as far ahead as before, had behind it 
a train extending backward as far as the line con- 
necting the sparks. If the star was made to disappear 
at the instant the sparks flashed, it was seen as at first 
on the same line with them. 

The interpretation of these experiments is so im- 
portant to Wolf's theory that I give his own words : 

" These experiments seem to me to contain all the 
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facts relative to the personal equation in the case 
where the second is perceived by sight, and to give 
the explanation of it. In the first place, the last shows 
us that the deviation of the star is a pure illusion. 
The first [i. e. that in which the sparks flash irregu- 
larly and the star is seen ahead of the sparks without 
a train] represents very nearly the phenomenon cited 
by M. Faye to explain the ordinary error of observa- 
tion. At the unforeseen moment when the sparks 
flash, the eye, surprised by their apparition, turns its 
whole attention to them, ceases to see the star (which 
continues its movement), and does not return to it 
before the sparks have disappeared. The star has 
then advanced, and appears in advance by an amount 
equivalent to the time during which the luminous 
impression of the two sparks persists. There is then, 
to be sure, between the moment when the second is 
perceived and the moment when the eye registers 
the position of the star, a lost time ; but in place of 
attributing, with M. Faye, a purely psychological 
cause to this lost time, I find for it a physiological 
origin and a value physiologically determined. The 
error committed in the estimate of the position of the 
star is equal to the duration of the persistence of the 
luminous impression. 

" But this case, I have said, is not really that of an 
experienced observer that perceives the sensation of a 
perfectly rhythmed second. It is necessary then to 
go to the second experiment [*'. e. that in which the 
sparks flash regularly and the star is seen in advance 
with a train]. This time the eye, forewarned of the 
instant of the apparition of the sparks, does not cease 
to see the star, and at the instant of the explosion sees 
it on the line of the sparks. But it continues to see them 
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during a certain time during which the star advances 
and reaches the same position as before at the instant 
of the disappearance of the sparks. Thus the eye sees 
the star at once in all the positions comprised between 
the two extremes that I have just denned. For it 
these positions are simultaneous; their extent corre- 
sponds then to an indivisible space of time. And con- 
sequently the observer can relate the position of the 
star at the moment when the sparks have flashed to 
any one of the points of that extent. 

" But it is necessary to remark besides that at the 
moment when the eye begins to perceive the sparks, 
it has still the sensation of all the positions occupied 
by the star before, during an interval corresponding 
likewise to the duration of the persistence of the 
luminous impression. The observer can, therefore, 
also relate the position of the star at the moment 
when he perceives the second to any one of the points 
of this previous extent. 

" I will conclude, then, from this analysis, that the 
personal correction of an observer that perceives by 
sight an exactly rhythmed second is necessarily com- 
prised between two limits, which are the duration 
of the persistence of the luminous impression taken 
positively and negatively." 1 

The next step is to extend the explanation to the 
case where the time is taken by other senses. 

'What he seems to mean can perhaps be shown by the figure 
below. The lines represent the central star with its train, the dots 
the occurrence of the sparks. The motion is supposed to be from 
right to left. 

a b 

The state of things in experiment two is represented at a ; any 
position of the star in the line may be associated with the instant 
of the sparks. At b is represented the state of things in the next to 
the last paragraph ; as before, any position of the star in the line 
may be associated with the instant of the sparks. 
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" I will remark," says Wolf : 

"1st. That according to the experiments that I have 
cited above, my personal correction remains the same 
in whatever manner the perception of the second 
reaches me, by ear, by sight, or by touch ; 

"2d. That the duration of the auditory sensation 
being, according to the physiologists, less than 0.01 s, 
this duration cannot enter into the cause of personal 
equation, or at least cannot make it vary except in 
amounts less than those that we measure. . . . 

" It follows from this that the cause of the personal 
error ought to be here the same as in the first case, 
that is to say, it is still found in the combination of 
the persistence of the luminous impression with the 
continuous movement of the star." 

The author then repeats in substance the explana- 
tion of the positive and negative limits given above, 
and restates the conclusion for the case of eye and ear 
observations. 

Wolf shows, earlier in the paper, that when the 
apparent motion of the star is suppressed by illumin- 
ating it with a spark from second to second, the per- 
sonal equation practically disappears, and now adds a 
last item of evidence in showing that the duration 
of the after-image under conditions like those of his 
experiments was from 0.05 s, when the stimuli fell 
continuously on one point of the retina, to 0.16 s, 
when the image moved upon the retina. The absolute 
personal equation, of the kind in question, therefore 
should not exceed 0.16 s. In case the eye is not sta- 
tionary (as has been supposed in the discussion, and as 
Wolf believed his own to be during the time that the 
star was near the wire) the explanation is still appli- 
cable ; for if the eye followed the star, the images of 
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the wires would move upon the retina, and the after- 
sensations left by them would bring about the error. 

I have quoted from "Wolf's interpretation above 
because I propose to criticise it ; I pass by minor 
matters for his cardinal experiment, experiment two. 
Four things contribute to this illusion : (1) the persist- 
ence of the images of the sparks ; (2) the persistence 
of the image of the star ; (3) its motion, and (4) the 
turning of a portion of the attention to the sparks. 
Assuming Wolf to be correct in implying that the 
attention or a part of it is turned to the sparks and 
remains there till the after-images have disappeared, 
it is clear that if the images of the sparks had no per- 
sistence, the middle point could not move during their 
persistence, nor be seen in advance of them ; its train 
therefore depends on their persistence. In his further 
discussion Wolf seems to forget this essential point 
and speaks only of the train, that is, of persistence of 
the star's after-image. This omission lets in two 
errors. In the first place, if the train of star after- 
images depends on the persistence of the after-images 
of the sparks, there can be no train before the sparks 
flash, and consequently no associating the flash with 
a position of the star behind the true one, that is, no 
minus personal corrections. And second, if the persist- 
ence of the spark-images is essential to the illusion, it 
is wrong to think that the illusion is the same when 
the sparks are replaced by a sound of which the after- 
sensation is confessedly less than 0.01 s. It is, of 
course, easy to avoid these difficulties by making the 
time given to the sparks due to the inertia of attention 
and not to the persistence of their after-images, but 
that would be to surrender the point for which Wolf is 
contending. At the same time it is not to be denied 
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a priori that physiological inertia may enter to a 
certain extent. The fact that the eye and ear per- 
sonal equation is larger for bright stars than for faint 
ones, as proved by Bakhuyzen, 1 could be cited in sup- 
port of such a view. On the whole it may be admitted 
that Wolf has brought to notice a possible factor in 
personal equation, but it cannot be admitted that 
he has demonstrated the large place for it that he 
claimed. 

Since the beginning of the year, another physiolo- 
gical explanation has been proposed by J. J. Lan- 
derer. 2 He finds that with very many people, himself 
included, there is a monocular doubling of the image 
of a single bright point seen at the distance of distinct 
vision or a little beyond, the second image being a 
little fainter than the original. This doubling in 
many is from left to right in the right eye, and from 
right to left in the left eye, though in some it is vertical 
or inclines, and in one individual was not found at all. 
Even when observed with a lens, the double partly 
overlies the principal image. In view of this, he 
believes "that the observation of a little luminous 
disk is made not on its center, but to the right or left, 
above or below, according to the direction of the 
diplopia, the eye quite naturally having regard to the 
center of the group that the two images form. It fol- 
lows then that the efficient cause of personal equation 
properly so called rests in this physiological effect, or 
at least that this plays a preponderant role." If this 
is so, it is easy to calculate the personal equation for 
different powers of eye-piece and different declinations, 

1 See Amebican Journal of Psychology, II, 278. 
s Comptes rendus, CVIII, 219 ; Feb. 4, 1889. 
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and in the author's case the values so found agree 
within a few hundredths of a second with those found 
in the ordinary way. 

It is impossible to deny off-hand that such optical 
irregularities do affect observation, but after all that 
has been adduced in evidence of the general complexity 
of personal equation and the probable importance of 
the psychic factor in it, I cannot agree in the import- 
ant rank that the author assigns to them. There is 
also some reason to think that some at least (in using 
the chronographic method) observe rather the advanc- 
ing limb of the star's image than the center. 

Bredichin 1 incidentally suggests a special illusion 
in eye and ear observations — a sui generis persist- 
ence of apparent motion, arising from the constant 
decreasing of the distance between the star and wire 
before the transit and the constant increasing of the 
distance after the transit. This would of course only 
fit the case of those that observe too early. Such a 
thing is an interesting possibility, but so far as I know 
there is as yet no evidence for it, except so far as it 
might rest on the play of attention already many 
times mentioned. 

APPENDIX. 

I add this appendix chiefly for two reasons. The first is that I 
wish to thank Professors Eastman and Winlock and Mr. A. S. Flint 
of the Naval Observatory for courtesies shown me at that institution. 
The second is that I may give what bibliographical references I have 
gathered. The list is not exhaustive. I have rather set down such 
references as it has seemed to me, either from having seen the articles 
themselves or from some other reason, might be convenient in pre- 
paring such a general sketch as has been presented. As that was 
confined to the form of personal equation that attends time observa- 
tions, so no references are here given to any other form. The list 
can be enlarged somewhat, if any one desires, from Houzeau and 
Lancaster's Bibliographie gtnirale de VAslronomie, Vol. II, 902 ff. and 

'Annales de l'observatoire de Moscou, II, 2nd pt., p. 69. 
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1685, and from Sinclair's General Index of Scientific Papers contained 
in the Appendices of the Reports of the U. S. Coast Survey : Report for 
1881, app. 6, pp. 91-123. Figures for the relative personal equation, 
at least, can also be found in the reports of almost every determina- 
tion of longitude and in the transit observations of the different 
observatories. 
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